InTrOduCTIOn
Multiple myeloma (MM) is a common and life-threatening hematologic malignancy. Bone disease is a defining characteristic of MM and the major cause of morbidity. It manifests as lytic lesions or osteopenia and is often associated with severe pain, pathologic fracture, spinal cord compression, vertebral collapse, and hypercalcemia. Bone marrow microenvironment disorder is an important pathologic mechanism. The cross-talk between myeloma cells and bone marrow mesenchymal stem cells, which could lead to the disorder, activates various signaling pathways and cytokines such as interleukin (IL)-6, and other secretions, and then promotes the growth, migration, and drug resistance of MM cells. The interplay could be divided in two ways: direct action and indirect action. Direct action refers to MM cells activating the NF-kB signaling pathway by directly adhering to bone marrow stromal cells (BMSCs) and releasing IL-6, which can promote proliferation and migration of MM cell, 1 while it can also boost B cell activating factor and activin A [2] [3] [4] to promote the proliferation of MM cells. These actions can affect the balance between osteoblast and osteoclast and then result in multiple myeloma bone disease (MBD). Indirect action refers to the 'communication' between MM cells and BMSCs mediated by cytokines such as IL-6, IGF-1 and exosomes. Here, we focused on the effects of exosomes derived from MM cells on the indirect action between MM cells and BMSCs. Exosomes (40-100 nm) are extracellular vesicles that contain a specific composition of proteins, lipids, RNA, and DNA that mediate cell-to-cell communication through the horizontal delivery of bioactive molecules. 5 Recent studies have reported that exosomes derived from cancer cells may influence survival, apoptosis, invasion, angiogenesis and resistance to chemotherapy. [6] [7] [8] [9] Low expression of miR-15a could promote MM cell proliferation, which also can be induced by inhibiting the expression of proapoptotic gene caspase 3 and apoptosis inhibiting gene BCL-2. 10 11 Additionally, it has been reported that BMSC-derived exosomes also are involved in the activation of several survival relevant pathways, including c-Jun N-terminal kinase, p38, p53, and Akt, and induced drug resistance of MM cells as well. Taken together, it demonstrates involvement of exosome-mediated communication in BMSC-induced proliferation, migration, survival, and drug resistance to MM cells. In the MM cell-derived exosomes, the level of miR-135b 12 is highly expressed and is also enriched in CD147, zinc finger protein 224, CD44 and other proteins. It activates mitogen-activated protein kinase (mTOR-MAPK) and NF-kB cell signaling pathways of the endothelial cell, thereby promoting angiogenesis and tumor cell growth. 13 14 However, the effect of MM cellderived exosomes on BMSCs has not been reported.
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The main pathogenesis of MBD is the imbalance between osteoblasts and osteoclasts. Varieties of cytokines such as chemokine macrophage inflammatory protein 1 alpha (MIP-1), 15 cysteine-rich protein 61 (CYR61) 16 and complement 17 are involved in osteoblasts function inhibition and osteoclast activity enhancement, and finally result in abnormal serum bone biochemical markers 18 and imaging change at the early clinical stage. The exosomes derived from MM cells can promote osteoclast function by increasing the expression of CXCR4. 10 But there is no related research that reported whether MM cell-derived exosomes could influence osteoblastic differentiation of BMSCs from patients with MM.
In our study, we hypothesized that MM cell-derived exosomes might contribute to the secretion of IL-6 and osteoblastic differentiation. MM cell-derived exosomes were isolated and characterized in vitro. Then we conducted MM cell-derived exosomes into BMSCs to test cytokine secretion and osteoblast differentiation ability. Furthermore we investigated the IL-6 secretion relative regulation protein apyrimidic eEndonuclease 1(APE1) and nmuclear factor kB (NF-kB) and osteoblastic differentiation protein Runx2 (runt-related gene 2), Osterix and osteocalcin (OCN). Our findings provide an evidence that MM cellderived exosomes may induce the secretion of IL-6 and inhibit osteoblastic differentiation of BMSCs.
MATerIAlS And MeTHOdS Patients and cells isolation Study subjects
The study included 27 newly diagnosed patients with MM (19 men and 8 women) at the Tianjin Medical University General Hospital (Tianjin, China) from January 2017 to December 2017 according to the International Myeloma Working Group criteria. The characteristics of the patients are shown in table 1. The newly diagnosed plasma cells (PCs) were purified from bone marrow samples using CD138 immunomagnetic microbeads (MidiMACS system, Miltenyi Biotec, Auburn, California), and the purity of the positively selected PCs was >90% in all cases. Informed consent was acquired prior to study inclusion. Primary BMSCs obtained from patients with MM were cultured and selected in Dulbecco's modified Eagle/F12 medium (Gibco) supplemented with 15% fetal bovine serum (Gibco) in 6-well plates and used at the third passage.
exosome isolation
To isolate cell-derived exosomes, myeloma cells from patients with MM and MM cell line RPMI-8226 were cultured in RPMI 1640 medium (Gibco) containing 10% fetal bovine serum (Gibco), 100 µg/mL penicillin (Gibco), and 100 U/mL streptomycin (Gibco) in a humidified atmosphere (37.5°C and 5% CO 2 ) for 24 hours. To remove exosomes of fetal bovine serum used in culture media, it was subjected to ultracentrifugation at 100,000 g for 3 hours at 4°C. The culture medium was collected and centrifuged at 800 g for 5 min, followed by 2000 g for 10 min to get rid of lifted cells. The supernatant was filtered on a 0.1 mm pore polyethersulfone membrane (Corning) to remove cell debris and large vesicles, and then concentrated through a 100,000 Mw cut-off membrane (CentriPlus-70, Millipore, Bedford, Massachusetts, USA). The volume of supernatant was reduced from approximately 250-500 mL to less than 5 mL. The supernatant was then ultracentrifuged at 100,000 g for 1 hour at 4°C using 70Ti rotor (Beckman Coulter). The resulting pellets were resuspended in 6 mL phosphate-buffered saline (PBS) and ultracentrifuged at 100,000 g for 1 hour at 4°C using 100Ti rotor (Beckman Coulter). 19
Table 2 Primer sequences

Gene
Sense and antisense sequences bp 
Transmission electron microscopy
First, isolated exosomes were resuspended in PBS, and then absorbed 10 µL onto Copper (Cu)grids for 5 min. Then, the grids were stained with 1% of uranyl acetate at room temperature for 1 min. Transmission electron microscopy (TEM) was performed at ×200,000 magnification on an H600 TEM (Hitachi, Japan). 20
Protein measurements
Aliquots (5-10 μL) of isolated exosomes were dispensed into wells of a 96-well plate, and the assay was performed as recommended by the manufacturer (Pierce BCA Protein Assay Kit, Thermo Scientific, Rockford, Illinois, USA). Total protein concentrations were determined using a linear standard curve established with bovine serum albumin. 20
Western blot analysis
Exosomes were lysed with a lysis buffer (Cell Signaling Technology, Beverly, Massachusetts, USA) that is mixed with 5 mM sodium fluoride (NaF), 2 mM Na3VO4, 1 mM phenylmethylsulfonyl fluoride (PMSF), 5 μg/mL leupeptin, and 5 µg/mL aprotinin. The extracted proteins (100 µg/ lane) were separated by 8% sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE). After electrophoresis, the SDS-PAGE gels were electrophoretically transferred to polyvinylidene difluoride (PVDF) membranes (Bio-Rad Laboratories, Hercules, California, USA). Anti-CD63 (Abcam,TS63), anti-Hsp70 (Abcam, 3A3), anti-CD138 (Abcam, EPR6454), anti-Osterix (Abcam, ab94744), and OCN (Abcam, ab133612) antibodies were used. Western blot was also used to evaluate the content of Ape1 (#4128), NF-kB (#8242), Runx2 (#9647) and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (#5174) (Cell Signaling Technology) in cell extracts. Cells were lysed with a lysis buffer (20 mM Tris-HCl, pH 8.0, 150 mM NaCl, 2 mM EDTA, 100 mM NaF, 1% NP-40, 1 µg/mL leupeptin, 1 µg/mL antipain, and 1 mM phenylmethylsulfonyl fluoride), and the protein concentrations were examined by the BCA Protein Assay Kit (Pierce). Proteins (30 µg) were separated by SDS-PAGE. After electrophoresis on an 8% SDS gel, the proteins were transferred to a PVDF membrane (Bio-Rad Laboratories). PVDF membranes were blocked with 5% skim milk followed by overnight incubation at 4°C with the following antibodies: anti-p21, anti-p27, anticyclin D1, anticyclin E, anti-Runx2, anti-OCN, anti-Osterix and anti-GAPDH antibody. After washing with Tris-buffered saline with Tween-20, the membranes were incubated for 1 hour at room temperature with antirabbit IgG sheep antibody or antimouse IgG sheep antibody coupled to horseradish peroxidase (Amersham). Reactive proteins were visualized using a chemiluminescence kit (Millipore).
Multiparametric flow cytometry analysis
To fulfill the criteria of the International Society for Cellular Therapy and to exclude contamination of mesenchymal stem cell (MSC) cultures by hematopoietic cells, MSCs were analyzed by flow cytometry. Five antibodiesfluorescein isothiocyanate (FITC)-conjugated anti-CD34, PerCP-conjugated anti-CD45, allophycocyanin(APC)conjugated anti-CD105, PC7-conjugated anti-CD90, and PE-conjugated anti-CD73 antibodies (BD Biosciences)were used to identify the MSCs. 21 22 
elISA assay
The levels of IL-6 were measured by IL-6 ELISA (Human IL-6 Immunoassay; R&D Systems) according to the manufacturer's protocol. Anti-IL-6 neutralizing antibody and the related isotype control were purchased from R&D Systems. The supernatant of exosome cultured with BMSCs was collected to test the level of IL-6. The absorbance was measured at 450 nm and 570 nm. To avoid the influence of cell numbers on cytokines levels, data were normalized to cell counts. The assays were repeated three times. 23
Quantitative real-time PCr
Total RNA was extracted using TRIzol Reagent (Invitrogen, Carlsbad, California, USA). The quality of RNA samples was determined by an ultraviolet spectrophotometer (Bio-Rad, Hercules, California, USA), and the 260:280 nm absorbance ratio between 1.8 and 2.0 was regarded as qualified. Finally, total RNA was dissolved in 20 µL diethylpyrocarbonatetreated water and then was synthesized to complementary DNA according to TIANScript RT Kit manufacturer's instructions (Tiangen, Beijing, China). The levels of RNA chosen were quantified by quantitative PCR using Bio-Rad iQ5 real-time system (Bio-Rad). The levels of RNAs were determined by the ΔΔCt method using β-actin as a control. Quantitative PCR was subsequently performed using SYBR Premix Ex Taq II (Invitrogen) in a 96-well plate according to the manufacturer's protocol. Primer sequences are shown in table 2. 22
In vitro osteogenic differentiation
Osteogenic differentiation of BMSCs was investigated in 6-well plates with and osteogenic factors (1×10 −7 mol/L dexamethasone, 0.05 g/L vitamin C, 0.01 mol/L β-sodium glycerophosphate, 100 U/mL penicillin (Gibco), and 100 μg/mL streptomycin (Gibco)). In the osteogenic factor medium over a 3-week period, BMSCs were cultured with either RPMI-8226 cell-derived exosomes or blank vector. Osteogenic characteristics were identified by von Kossa and alkaline phosphatase (ALP) staining. To confirm the presence of osteoblast(OB), the ALP expression, an early osteoblast marker, is detected using the ALP staining kit (Sigma-Aldrich, Taufkirchen, Germany). ALP staining produced a deep pink color at 3 weeks in the BMSCs grown in the osteogenic factor medium. von Kossa staining was performed to confirm that the OB synthesized and mineralized the extracellular matrix. The mineralized nodules were detected in both groups after 3 weeks of culture. The number of mineralized nodules per patient was calculated and used as an index of OB function. von Kossa staining of grown cells gave rise to a dark color at 3 weeks, indicating calcium deposition. . 24
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Statistical analysis
Statistical Product and Service Solutions (SPSS) V.17.0 software was used for statistical analysis. The paired t-test was conducted to calculate the long non-coding RNA (LncRNAs) levels between MM cells and MM cell-derived exosomes. PCR and IL-6 level data results were done by Student's t-test. A value of p<0.05 was considered statistically significant.
reSulTS
Characterization of MM-derived exosomes and bMSCs
To investigate the effect of MM cell-derived exosomes on the BMSC growth, the exosomes derived from patients with MM CD138 + myeloma cell and MM cell line RPMI-8226 were isolated. Isolated exosomes were subsequently evaluated and confirmed by TEM ( figure 1A) , and the exosomes marker CD63 and Hsp70 from RPMI-8226 and MM patients-derived exosomes were analysed by western blot which were increased ( figure 1B) . The purity of BMSCs from patients with MM was evaluated by flow cytometry. The purity of all BMSCs was greater than 95% ( figure 1C ). All the BMSCs were classical spindle cell under the microscope ( figure 1D ).
MM cell-derived exosomes induced Il-6 secretion of bMSCs via APe1/nF-kb pathway
IL-6 plays an essential role in the proliferation, migration and drug resistance of MM cells. BMSCs were cultured with either RPMI-8226 cell-derived exosomes or PBS for 72 hours. IL-6 analysis was performed using ELISA kit to detect the IL-6 level in the cell culture media. Our results showed that RPMI-8226 cell-derived exosomes promoted IL-6 secretion by BMSCs after 72 hours of coculture ( figure 2A) . The mRNAexpressions of IL-6 and Ape1 were increased in RPMI-8226 cell-derived exosomes cocultured with the BMSC group ( figure 2B,C) . To better identify the influence of MM cell-derived exosomes on the secretion of IL-6, western blot was carried out to test the Ape1 and NF-kB levels, which were increased in RPMI-8226 cell-derived exosomes cocultured with BMSCs after 72 hours. With the downregulation of APE1 by small interfering RNA(siRNA), The level of NF-kB was decreased. Those results indicated that MM cell-derived exosomes induced IL-6 secretion of BMSCs via Ape1/ NF-kB ( figure 2D ). 3) . According to these results, we found that suppress the differentiation (mineralization) of BMSCs into osteoblasts (figure 4).
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dISCuSSIOn
Bone mesenchymal stem/stromal cells (BMSCs) define a population of progenitor cells capable of increasing at least three mesodermal lineages in vitro: chondrocytes, osteoblasts and adipocytes. 25 The adhesion of MM cells to BMSCs can influence the activations of many pathways leading to upregulation of antiapoptotic proteins and cell cycle regulating cytokines. 26 Exosomes, which are released from cells, play crucial roles in intercellular communication. Research revealed that exosomes are involved in some areas: as a disease biomarker, membrane vesicles as intermediary agent of immune responses and have effects on different cancers. 27 MM cell-derived exosomes enhanced osteoclast activity and blocked osteoblast differentiation,
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leading to a reduction in Runx2, Osterix, and collagen 1A1 in osteoblasts in 5TGM1 murine model. 28 Here, we pay attention to the effect of MM cell-derived exosomes in BMSCs from patients with MM. MM cellderived exosome is one major component of the tumor microenvironment. In order to observe the effect of MM cell-derived exosome, we added RPMI-8226 cellderived exosomes into BMSCs, and the IL-6 secretion was increased, and then the mRNA expressions of IL-6 and APE1 were increased in MM cell (RPMI-8226)-derived exosomes cocultured with BMSCs. Western blot results indicated that the Ape1 and NF-kB levels were increased in MM cell (RPMI-8226)-derived exosomes cocultured with BMSCs after 72 hours. The level of NF-kB was downregulated, followed by a decrease in APE1. Those results indicated that MM cell-derived exosomes induced IL-6 secretion of BMSCs via the Ape1/NF-kB pathway. 29 As the inhibition of BMSCs that differentiate into osteoblast is one important role in MBD, we next tried to detect the level of Runx2, OCN and Osterix, they are vital facts for the osteoblastic differentiation. The levels of Runx2, OCN and Osterix were decreased in BMSCs in MM cell (RPMI-8226)-derived exosome groups. The ALP and von Kossa staining decreased in MM cell (RPMI-8226)derived groups compared with the control groups. The IL-6 secretion of BMSCs is via NF-kB -dependent transcription. IL-6 is known to regulate MM cell proliferation and osteoclast differentiation. 30 Our data showed that the IL-6 level increased in the MM exosome groups.
Runx2/Core-binding factor 1 (Cbfa1), a transcription factor which is essential for osteoblast differentiation and bone formation, 31 directly regulates the expression of OCN. 32 In Osterix-deficient mice, Runx2 is expressed in mesenchymal cells. However, Osterix is absent in Runx2deficient mice. 33 These findings suggest that Osterix may function as downstream of Runx2 during osteoblast differentiation. Our results confirmed that MM exosome inhibited BMSC osteoblast differentiation by downregulating the expression of Runx2, Osterix and OCN.
Above all, we hypothesized that MM cell-derived exosomes might contribute to IL-6 secretion and osteoblastic differentiation of BMSCs. The exosome may be a communicator in the cross-talk between MM and BMSCs. But how the exosomes enter and the effect mechanism on BMSCs from patients with MM need further study. 
